Despite four decades of research, there is no systematic review and trend analysis on paediatric (pre)hypertension in Nigeria. This article reviewed data from cross-sectional studies on the subject. From the initial 9334 articles identified, 30 studies that met the inclusion criteria were systematically reviewed. Data from studies that defined hypertension as blood pressure (BP) greater than the 95th percentile for age, height and sex gave a prevalence of 8.2% [95% confidence interval (CI): 3.6-28.2%] for prehypertension and 5.1% (95% CI: 2.9-8.6%) for hypertension. For studies that defined hypertension as BP greater than 2 SD points from the mean of the population, the prevalence of hypertension was found to be 4.0% (95% CI: 2.8-5.7%). A significant negative trend (Z ¼ À0.89; a < 0.01) with small magnitude (Q ¼ À0.019; 95% CI: À0.070 to 0.028) was found for hypertension in the reviewed population. The prevalence of (pre)hypertension in Nigerian children and adolescents is moderate but has slightly declined over time.
diseases to drastically reduce mortality from them, it is important to plan for the future by addressing (at present) diseases that may disproportionately affect the adult population/workforce then.
Since the publication of the retrospective study of hypertensive Nigerian children aged 2-11 years living in Ibadan by Aderele and Seriki [5] in 1974, many other authors have studied the prevalence of hypertension in children and adolescents in Nigeria and have reported values ranging from 0.1 to 17.5% . However, though there have been recent reviews of the BP patterns in Nigerians, they have either concentrated on only adults or included few studies in children and adolescents [36] [37] [38] . Furthermore, the existing reviews do not capture prehypertension as an entity, such that there is no overview of the prevalence of prehypertension in Nigeria. Worse still, there is (to the author's knowledge) no trend analysis of hypertension in Nigerians. Given the link between paediatric hypertension and BP elevations in adulthood [2] , and the need to quantify the number of people at risk (especially as it would help in proper resource allocation in periods of scarcity), it is important to take a closer look at cross-sectional studies that have reported the prevalence of hypertension and prehypertension in children and adolescents in Nigeria. This is important, as Nigeria's geographical, ethnic and cultural diversities make nationally representative studies difficult, such that systematic reviews are required to illumine trends across the country.
Nigeria's population, estimated to have exceeded 177 million (as at 2014) [39] , makes her the most populous country in Africa and home to 15-20% of people of African ancestry. Her land area covers 923 770 km 2 . Nigeria's GDP as at 2014 was 6.3%, and her per capita health expenditure was 118 USD for the period 2011-2015 [39] . Nigeria is a multiethnic country, made up of 36 states, 6 geopolitical zones ( Fig. 1 ) and >250 distinct ethnic nationalities. This ethnic heterogeneity naturally comes with genetic variations among the population that often affect health outcomes [40] .
Owing to Nigeria's population, studies among Nigerians illumine health matters affecting people beyond her borders. As there is, as yet, no review specifically on the prevalence of (pre)hypertension in Nigerian children and adolescents, and no trend analysis of the data, this article is an attempt to fill that void. It is hoped that the outcome will be useful to researchers, clinicians and policymakers and ultimately lead to a reduction in paediatric (pre)hypertension in Nigeria.
M E T H O D S
Data mining and identification A review of the literature on child and adolescent hypertension and prehypertension in Nigeria was conducted following internationally accepted methods [41, 42] . A comprehensive search of some electronic databases for scientific literature (Medline/ PubMed, Scopus, Google Scholar and AJOL) was conducted in pursuit of the above objective. Appropriate search techniques using MESH terms such as 'hypertension', 'prehypertension', 'high BP', 'elevated BP', 'paediatrics', 'children' and 'adolescents' and specific keywords such as 'Nigeria', 'Nigerian children' and 'Nigeria adolescents' were used. Boolean operators such as 'AND', 'OR' and 'NOT' were used to delimit the search results. In addition to the above, the reference lists of identified relevant articles were examined, and studies that were inadvertently missed by the initial search were identified. A flow chart of the processes for the inclusion of articles/abstracts is seen in Figure 2 .
Inclusion/exclusion criteria Only cross-sectional studies published in English between January 1978 and May 2016 on the subject of interest with traceable full texts or abstracts were included. After a systematic exclusion of irrelevant articles/abstracts from the initial 9334 identified articles, 62 articles/abstracts were subjected to a detailed examination. Subsequent to the thorough systematic examination, 25 full-length articles and 5 detailed abstracts that met the inclusion criteria (Table 1) were included for this review. One fulllength article was excluded because it contained data previously published by the same authors in a different journal. No study was excluded based on the number of subjects recruited or for not recruiting subjects of both sexes.
Data synthesis
Relevant data on the characteristics of all the included studies were carefully extracted and tabulated. From the 30 articles/abstracts included for the review, 21 that determined the presence of hypertension when BPs were greater than the 95th percentile for age, height and sex [3] or greater than 2 SDs above the mean for the entire population [6] were included for data synthesis by pooled analysis. It was important to conduct both a systematic narrative review and a systematic pooled review because of challenges of differences in design, context and methods used by the authors of identified studies. Consequently, the quantitative synthesis and metaanalysis of the results of the included studies necessarily had to be grouped into two based on the two most popular methods used for the diagnosis of hypertension in the subjects. Furthermore, the pooled articles/abstracts that had detailed information on the sexes of the subjects were further analysed separately to arrive at sex-specific prevalence rates for Nigerian children and adolescents. Abstracts that did not have information on the subgroups for which prevalence rates were reported were excluded for the latter analyses. Only articles/ abstracts that defined hypertension using the BPs greater than the 95th percentile for age, height and sex criterion reported the prevalence of prehypertension. Such articles/abstracts were, therefore, identified and the data analysed.
Data treatment/analyses
Quantitative synthesis was done by 'reverse computation' of the exact numbers of affected subjects from the frequencies and numbers of subjects reported by the authors, per included article. Pooling the numbers so calculated from the included studies enabled the meta-analyses and computation of the exact prevalence values for hypertension and prehypertension (not merely the means of the reported values).
The prevalence values are presented along with their respective confidence intervals (CIs). Fisher's exact test was used to check for significant differences between the prevalence values for the sexes in relevant analyses. The Mann-Kendall test was used to determine if a significant trend existed for hypertension during the period under review, and the Sen's estimate was used to quantify the magnitude of the trend [43, 44] . For the trend analysis, only studies that diagnosed hypertension when BP values were greater than the 95th percentile for age, sex and height were included. This ensured considerable uniformity and had enough data points to make a meaningful determination. The results of the data synthesis and review are presented in tables, bar charts and line graphs. 
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R E S U L T S
Characteristics of included studies Thirty studies, recruiting 35 599 subjects aged 1-19 years from all the six geopolitical zones of Nigeria, were included for this review (Table 1) . Fifteen (50.0%) of the studies used the recommendations of the US National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents [3] , hereafter referred to as the 'Fourth report' for the diagnosis of hypertension, while eight (26.7%) others diagnosed hypertension when BP exceeded 2 SD values from the mean of the group. Both internationally accepted methods were used in 76.7% of the studies, and the other 23.3% used a variety of methods ranging from 95th or 97th percentiles of study [6, 17] to absolute values such as 140/90 mmHg (systolic BP/diastolic BP) [18] .
Whereas slightly more than one-third of the subjects studied in the included studies were from the North of Nigeria, slightly less than two-thirds of them were from the South. The most studied subjects (27.5%) were from the South-South zone of Nigeria, followed by those from the South-West zone (25.6%), North-Central zone (16.6%) and North-West zone (16.0%). The least studied subjects were from the South-East zone (11.3%) and the North-East zone (3.0%). From the point of number of studies conducted in the respective geopolitical zones of the country, 70% of the studies have been conducted in the South, whereas 30% of them have been conducted in the North. Interestingly, more studies have been conducted in the South-South zone (36.7%) compared with all of the three zones in the North (30%). Only one study (3.3%) was conducted in the North-East zone, and only two studies (6.6%) were conducted in the South-East zone of Nigeria. More than half of the studies (53.3%) were conducted between 2010 and 2016. Other than the 1990s, the number of studies on the prevalence of hypertension in Nigerian children and adolescents has been increasing steadily from two studies in the 1970s to 16 studies in the 2010s. 
Prevalence of hypertension
Prevalence of hypertension in the North ranged from 2.3 to 10.2%. The variance in the prevalence was higher in the South, where prevalence data ranged from 0.1 to 13.9% (Fig. 3) . The prevalence of hypertension in studies that used the Fourth report recommendations ranged from 0.1 to 17.5%. A meta-analysis of the data gave a prevalence of 5.1% (95% CI: 2.9-8.6%) for hypertension (Table 2) . When only studies that had clear data for the sexes were isolated, pooled and analysed, the prevalence of hypertension was found to be 4.4% (95% CI: 1.1-10.3%) in all subjects, 4.4% (95% CI: 0.8-9.9%) in males and 4.4% (95% CI: 0.3-9.8%) in females. The difference in the prevalence of hypertension between the males and the females was found not to be significant (p ¼ 1.000). When studies that diagnosed hypertension when BPs exceeded 2 SD points from the mean of the population were isolated, pooled and analysed, the prevalence of hypertension was found to be 4.0% (95% CI: 2.8-5.7%) in all subjects, 3.7% (95% CI: 2.3-5.2%) in males and 4.2% (95% CI: 2.8-5.6%) in females. The report (abstract only) from Abdurrahman and Ochoga [6] does not Table 3) . The difference in the prevalence of hypertension between the sexes was, again, not significant (p ¼ 1.000).
Prevalence of prehypertension The pooled prevalence of prehypertension in articles that used the Fourth report and reported data for prehypertension was found to be 8.2% (95% CI: 3.6-28.2%; Table 2 ). When only studies that had clear data on the different sexes were isolated, pooled and analysed, the prevalence of prehypertension was found to be 11.9% (95% CI: À0.8 to 24.9%) in all subjects, 10.9% (95% CI: À1.8 to 29.5%) in males and 12.6% (95% CI: À1.3 to 29.4%) in females. The difference in the prevalence of prehypertension between the males and the females was (just like that for hypertension) found not to be significant (p ¼ 0.828; Table 4 ).
Trend analysis A significant negative trend (Z ¼ À0.89; a < 0.01) with small magnitude (Q ¼ À0.019; 95% CI: À0.070 to À0.028) was found for hypertension in Nigerian children and adolescents (Fig. 4) . The prevalence of hypertension in Nigerian children and adolescents is, therefore, reducing modestly especially in the past two decades.
D I S C U S S I O N
The early diagnosis of hypertension in children and adolescents is central to an early initiation of management and a possible prevention of its tracking into adult life [2] . Appropriate diagnosis using internationally acceptable methods is, however, essential. It is interesting, therefore, to find that majority of the studies (especially those reported between 2002 and 2016) used the Fourth report recommendations. Interestingly, all but two of the studies used the standard auscultation protocol in measuring BP. The use of a uniform international criterion is desirable, as it improves data comparability. Data from this review show an increase in research activity on paediatric hypertension over the years. This is encouraging, yet the lopsided nature of the studied populations is worrisome. A recent review of paediatric obesity in Nigeria also observed similar patterns, where more studies are conducted in the South of Nigeria [45] . There is an urgent need to address this lop-sidedness and close the existing gaps in knowledge.
The variance found for hypertension in the studies conducted in the South of Nigeria was more than that for those conducted in the North of Nigeria. This may be a reflection of the number of studies emanating from the said zones. In buttressing the above point, it is noteworthy that the South-South and South-West zones of the country (where most of the studies were conducted) had the highest variance in the prevalence of hypertension and are apparently responsible for the patterns found for the entire South. Differences in the populations studied, diagnostic tools used and recruitment methods used by the different authors make appropriate comparisons between these figures difficult [29, 32] until the studies are properly disaggregated. Some previous studies had reported higher BPs and hypertension in girls relative to boys [15, 16, 21, 22, 24, 27, 28, 32, 35] . This relationship, however, tapered beyond age 13-15 years and may be because of the puberty-induced growth spurt and psychosocial stress in females. Some others found the reverse [6, 9, 29, 31, [46] [47] [48] or found no difference [12, 25, 26, 49] . Data from this review are in agreement with the authors who report no difference in the prevalence of hypertension in the studied age bracket.
Prevalence values for hypertension in paediatrics from selected studies/reviews around the world show the range to be 2-8.1%. A prevalence of 3-5% was reported in the USA [50] , 2-4% was reported in Canada [51] and 2.5% was reported in Hungary [52] . In China, a prevalence of 3.1% was reported [53] , and in Brazil, a prevalence of 8.1% was reported [47] . The prevalence of 3.9-5.1% reported in this review falls within the values reported for the USA, Canada and China, but is clearly lower than values reported for Brazil and slightly higher than values for Hungary. Hypertension rates are reported to be higher in upper middle-income countries compared with lower middle-income countries. Low-and middle-income countries (LMICs) are often the worst hit by hypertension. This may be associated with socioeconomic inequalities in LMICs, where the prevalence of hypertension is known to be inversely proportional to socioeconomic status typified by educational attainment [54] . This may, however, not explain the lower values reported by this review for Nigeria relative to values reported for Brazil. Genetic factors, lifestyle, intrauterine development/ birth weight and other factors that can affect BPs but are not captured by these studies, coupled with methodological differences, apparently contribute to the heterogeneity in these studies [48, 54] and therefore impose the need for cautious comparisons of these data. The 8.2% [or 11.9% (10.9% males; 12.6% females) for studies that have disaggregated data for the sexes] prevalence of prehypertension reported here is worrisome. This is because adolescent prehypertension is a strong predictor of hypertension in adults [2, 55] , and progression from prehypertension to hypertension occurs faster, and at a younger age, in people of African ancestry compared with Caucasians [56] . It is, therefore, important to intensify the measurement of BPs in children and adolescents in Nigeria, as a means of identifying cases early (probably in the prehypertensive phase) so that appropriate, timely actions may be initiated to forestall the transition to full-blown hypertension.
Clearly therefore, the prevalence of hypertension in the Nigerian paediatric population has reduced, albeit modestly, especially in the past two decades. In the USA, the NHANES data show that the prevalence of hypertension in adolescents has decreased between 1999/2000 and 2007/2008 from 5 to 3% [50] . Furthermore, de Morales et al. [48] , after reviewing studies from different parts of the world, reported that the prevalence of high BP was inversely related to the year the study was published. The negative trend reported here for paediatric hypertension in Nigeria is encouraging and may be related to a review report that obesity in the age bracket in question has not increased markedly in the past two decades [45] . Though the relationship between obesity and hypertension has been questioned by some studies [57, 58] , many studies report that body mass index is the most important predisposing factor for hypertension [22, 31, 59] . The contributions of obesity to hypertension, however, do not mask the roles of genetics, lifestyle and even intrauterine events-factors that are rarely captured in epidemiological studies, such as those reviewed in this article. It is nonetheless important to study the factors responsible for the observed negative trend so that they may be intensified with a view to maximizing benefit. This is important, as it portends well for reducing cardiovascular diseases mortality, bearing in mind that cardiovascular diseases are reported to be higher in younger people in economically developing countries than their counterparts in economically developed ones [60, 61] .
There are reports of the prevalence of hypertension dropping on repeated measurement [62, 63] . Implicit in this is a possibility that point (pre)hypertension as reported by the reviewed studies (and indeed most cross-sectional epidemiological studies) may over-estimate the disease. The values reported in this review may, therefore, be lower if repeated measures on different days (following international recommendations [3] ) were done by the authors of the included studies. It is, however, difficult to achieve such repeated measurement in epidemiological studies, especially in a country such as Nigeria, where resources are scarce and skilled manpower is limited. The sample sizes for the studies were small, given the population of Nigeria. Again, this may be a reflection of the funding gaps in Nigeria or research apathy on the part of researchers and clinicians. As mentioned earlier, there is a need for consistent uniformity in the adoption of internationally acceptable criteria. This will make inter-study (both local and international) comparisons easier. Owing to the fact that there is a modest possibility that some studies were inadvertently missed and that some other studies may have been published in difficult-to-access media (especially academic reports, dissertations and theses), it is important to be cautious in extrapolating the figures presented here for the entire paediatric population in Nigeria.
In summary, this review shows that the pooled prevalence of hypertension defined by the Fourth report criteria was 5.1% (95% CI: 2.9-8.6%), whereas it was 3.9% (95% CI: 2.9-5.4%) when defined by BPs exceeding 2 SD points from the mean of the population. For prehypertension, defined by the Fourth report criteria, the pooled prevalence was 8.2% (95% CI: 3.6-28.2%). The trend analysis shows that there was a significant negative trend, albeit with small magnitude, for hypertension in Nigerian children and adolescents. Studies to identify the factors responsible for this negative trend are urgently required.
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